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ABSTRACT 

Surgery on the dentoalveolar process combined with orthodontic treatment was emphasized as an alternative method 
for reducing the treatment time and improving the orthodontic treatment on post-adolescent and adult patients. This 
combined treatment facilitates and accelerates orthodontic tooth movement. This article reviews the clinical practice 
in surgery-assisted orthodontic treatment in relation to historical perspective, indications and biological principles, 
as well as limitations and risks of dento-osseous surgical techniques, including dento-osseous osteotomy and/or 
ostectomy, dento-osseous microfracture, dento-osseous corticotomy, and/or corticoectomy, and dental distraction. 
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INTRODUCTION 

In line with the goal of orthodontic treatment targeting 
improvement of the patient's life adjustment through 
enhancement of dentofacial functions and esthetics, 
reducing orthodontic treatment duration is an issue of 
importance, particularly for adults. 11-51 In this regard, 
given this constant demand for shorter treatments, 
investigation of new approaches to boost orthodontic 
treatment efficiency by shortening the treatment 
time, and facilitating a therapeutic process without 
foregoing the optimal results, has become a primary 
goal of all areas of orthodontics, for getting equal or 
better results than the traditional treatments. [6] 

Accordingly, bone manipulation via surgical 
intervention, including orthognathic (total or 
segmental correction of maxillofacial bones) and 
dentoalveolar (surgical approach limited to the 
dentoalveolar region, including a single tooth or a 
group of teeth and cortical and/ or trabecular bone) 
surgery become intriguing for orthodontists based on 
the associated alteration in the bone biology of tooth 
movement.' 6111 



Orthodontic surgery is considered to expand the 
boundaries of conventional orthodontic treatment, 
shorten the treatment time, and improve a patient's 
appearance quickly, 1121 leading to a rapid movement of 
teeth that are orthodontically activated, in response to 
increased bone turnover and increased metabolism.' 91 
Additionally, in adult orthodontics, surgery-assisted 
orthodontic treatment can be extremely helpful in 
movements that will normally not occur without this 
assistance or will be extremely slow, 111 and avoid the 
unnecessary or difficult tooth movements, to reduce 
risk. 1121 

In this regard, there are a growing number of 
publications emphasizing surgery on the dentoalveolar 
process combined with orthodontic treatment as an 
alternative method for adolescents and adults.' 1013 751 
Evaluation of the up-to-date literature data reveals 
the main techniques used in orthodontic surgery 
to include dentoalveolar osteotomy (interdental 
osteotomy, subapical osteotomy), dentoalveolar 
ostectomy (interdental ostectomy, wegde-shaped 
ostectomy), dentoalveolar microfracture, dentoalveolar 
corticotomy, dentoalveolar corticoectomy, and dental 
distraction. 19 - 10 - 13 ' 15 - 751 
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Accordingly, the present article aims to review the clinical 
practice in surgery -assisted orthodontic treatment in 
relation to historical perspective, indications and 
biological foundations for the clinical use, as well 
as limitations and risks of dentoalveolar surgical 
techniques, including dentoalveolar osteotomy 
and/ or ostectomy, dentoalveolar microfracture, 
dentoalveolar corticotomy and/ or corticoectomy, 
and dental distraction. 

Dentoalveolar osteotomy and/or ostectomy 

Historical background and clinical practice 
Dentoalveolar osteotomy infers a complete section 
of the bone through both the cortex and medulla, 
with reliance on the attached muscles, mucosa, and 
periosteum for an adequate blood supply to the 
bone fragment and contained dental pulp.' 21 ' 26 ' 3741 ' 
In this technique, the teeth are mobilized with their 
supporting structures and repositioned to the desired 
position either immediately during the surgical 
operation or after the surgery by applying orthodontic 
forces for a short time. 121 - 26 ' 30 ' 37 - 411 Dentoalveolar 
ostectomy refers to a complete segmental resection 
of the bone surrounding a tooth, including both 
the cortical and trabecular layers, in an attempt to 
eliminate an adjacent periodontal pocket.' 21,26,411 

Considering the literature evidence, in 1921, 
Cohn-Stock' 241 reported excision of the palatal bone 
overlying the roots of the maxillary teeth to facilitate 
retrusion of the teeth, with their mobilization along 
with their supporting structures, for immediate 
repositioning. 

In 1931, Bichlmayr' 91 defined corticotomy-ostectomy 
application for patients older than 16 years to 
accelerate care and reduce relapse. Bichlmayr's 
method was directed primarily at facilitating the 
correction of maxillary protrusion by extraction of the 
first premolars, division of the palatal cortex overlying 
the incisors via palatal wedge-shaped osteotomies, 
and excision of the alveolar bone distal to the canines. 
Movement was then achieved by the use of activated 
removable orthodontic appliances. 

Neuman' 421 modified Bichlmayr's' 91 method by 
performing labial septotomies that included division 
of the inter-radicular bone as well. Da Costa' 261 reported 
a combined application of frenectomy and maxillary 
ostectomy to close the midline diastema in more 
than 1000 patients, with achievement of treatment in 
a short term, with very few of complications. In his 
series, labial phrenectomy including palatal papilla 
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was followed by interdental ostectomy via cutting of 
the bone between the central teeth using a thin drill. 
The surrounding central teeth were tied with a thick 
double layer ligature wire and mobilized to the space 
created by the ostectomy. Closure of the diastema 
was achieved by a two-sided collapse of the anterior 
hemiaxilla toward the midline. 

Bell' 211 described a method of interdental and subapical 
osteotomy for the surgical-orthodontic management 
of interincisal diastema. Following phrenectomy, 
dissection of the mucoperiosteal flap, only at the 
vestibule, and resection of the wedge-shaped bone 
between the central teeth, by interdental ostectomy, 
were performed with interdental osteotomy at the 
interdental regions between the canine-lateral and 
central-lateral teeth using a fissure drill, and the deep 
cut extending to the palate was checked by direct 
mucosal palpation. The vertical cut was prolonged to 
pass 4 mm over the root apex and these vertical cuts 
were connected with a horizontal cut, yielding each 
tooth to become a tooth-bone segment, to be released 
and connected to the palatal mucoperiosteum only 
by completion of the cuts. The fixation consisted of 
ligation for seven weeks with edgewise appliances. 

Peterson' 411 described two cases of surgical 
repositioning of the teeth in the multidiastema by 
using the Bell 1211 technique, but with the use of an 
acrylic lingual splint instead of edgewise appliances 
for the fixation. 

Merril and Pedersen' 371 as well as Epker and Paulus' 291 
reported the application of osteotomy either in one 
stage or in two stages. One-stage surgery was reported 
to be applicable when the number of teeth to be 
moved was up to three. The two-stage procedure 
was preferable for a higher number of teeth and in 
case of close proximity to the roots, for closure of 
multiple large diastemas, for moving multiple small 
segments to a considerable distance, and for rotational 
movements of the segments. 

The single-stage approach includes' 291 dissection of the 
buccal flap with interdental vertical cuts, extending 
from the buccal region to the pyrif orm aperture, where 
they can be unified by means of an anatomical space 
or by means of a horizontal cut to the inferior region 
of the nasal floor. After completion of the vertical or 
horizontal cuts, the newly formed tooth-bone segment 
is repositioned by finger pressure or mobilized for a 
certain period by application of orthodontic forces. 
Protection of tissue integrity, with palatal mucosa 
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on at least one side, is strongly emphasized in the 
single-stage approach. 

The second stage includes the initial dissection of 
the palatal flap and palatal bone osteotomy, and 
waiting for four to five weeks is recommended for 
maintenance of adequate blood supply despite the 
fact that the palatal mucosa appears well healed 
within seven to ten days. This initial phase is followed 
by labial osteotomy after three to four weeks in the 
second stage with mobilization and repositioning of 
the newly formed tooth-bone segment.' 291 

Pros and cons of the technique 

According to published reports on dentoalveolar 
osteotomy and/ or ostectomy, the main indications 
were single application of the method in failure 
or rejection of the orthodontic treatment in adult 
patients, ' 21,37 - 41 ' application in combination with 
the orthodontic treatment in repositioning of 
dentoalveolar elements, 137 ' in shortening the length of 
the treatment period,' 21 - 26 - 411 in maxillary dentoalveolar 
protrusion if interproximal width is sufficient,' 371 in 
closure of diestamas,' 21 - 26 - 37,41 - 461 in repositioning of 
an ankylosed or endodontically treated tooth,' 29 - 34 - 37 ' 
in incisor intrusion,' 21 - 37 ' in case of crown-bridge 
application necessitating teeth alignment, but lacking 
adequate anchorage points for the desired tooth, 
and in extensive orthognatic surgeries, when small 
segment osteotomy is needed.' 44 ' Additionally, while 
periodontal diseases are considered a contraindication 
for dentoalveolar surgery, osteotomy was reported 
to be possible via osseous reconturing and use of hip 
bone marrow grafts.' 37 ' 

The downside is a concern about the side effects, 
such as, loss of tooth vitality, avascular necrosis in 
the bone segment, gingival recession, loss of crestal 
bone and pocket formation, delay in movement of 
the segment due to bone interferences, traumatic 
occlusion, and the typical risks of general anesthesia 
and hospitalization' 11 - 22 - 29 - 37 - 41 ' Besides, in severe 
crowding cases the risk of damage to the tooth root 
and complications regarding insufficient blood 
supply, due to reduction in the surrounding bone 
area, were reported to contraindicate the application 
of this technique.' 30 ' 

To prevent these complications, careful evaluation 
considering the proximity of the roots' 12 ' and careful 
surgical planning with cutting of the bone using 
small bone drills for obtaining the largest possible 
connection of bone segments, especially at the apex of 
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the alveolar crest' 41 ' have been recommended during 
the surgical and retraction procedures.' 12 ' For ideal 
repositioning of the tooth-bone segment, application 
of trimming to the mobile segment or interproximal 
regions of the next tooth and performing occlusal 
adjustment if necessary, have been suggested. [29 - 371 
As completion of bone healing occurs within four to 
six weeks, immediate postsurgical mobilization of the 
segment via orthodontic forces must be completed 
within two to four weeks, in order to avoid loss of 
any advantages obtained by surgery.' 29 - 37 ' 

Dentoalveolar microfracture techniques 

Historical background and clinical practice 
In this technique after applying interdental and 
horizontal cuts, the final movement of the dentoalveolar 
segment was done by the fractures, with the help of 
osteotomes. Medeiros and Bezerra' 36 ' reported surgical 
repositioning of an ankylosed upper central tooth by 
interdental osteotomy in a ten-year-old girl. Dissection 
of the flap was performed only from the labial region, 
while interdental osteotomy was performed via a 
vertical cut extending from the mesial and distal parts 
of the central tooth to the palatal cortex. Following 
mobilization of the tooth with artificial fractures, the 
newly formed tooth-bone segment was placed toward 
the occlusal plane and attached with an arch wire. The 
researchers indicated healthy bone and soft tissue after 
eight months of therapy.' 36 ' 

Krai and Subrt' 47 ' reported the success of a combined 
application of corticotomy and alveolar microfracture 
formation to shorten the length of treatment in 
teeth having a palatal position in 15 patients, with 
maintenance of tooth vitality after the treatment. Two 
vertical corticotomy cuts extending from the buccal and 
lingual at the mesial and distal part of the tooth below 
the crest apex to the tip of the root were performed 
under infiltrative anesthesia. Afterward, the upper part 
of the root tip was held with an incisor clamp and an 
artificial fracture was created. The tooth-bone segment 
formed in this manner was slid to the desired location 
and fixed for three to four weeks, by being connected to 
two teeth from both sides, using the Sauer's arch bars. 

Different from Krai and Subrt,' 47 ' Fitzpatrick' 30 ' 
described a technique that included repositioning of 
the tooth-bone segment by orthodontic forces, with 
addition of a horizontal cut, which passed far from 
the teeth roots in the apical regions. With regard to the 
blood supply, the use of this technique in the upper 
jaw, even in patients younger than 20 years of age, 
has been suggested to be much safer. 
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Pros and cons of the technique 

Medeiros and Bezerra 1361 indicate that single-tooth 
dento-osseous osteotomy is a feasible procedure 
for upper ankylosed teeth because of the favorable 
vascularity of the maxilla. Several authors 129 - 48 - 491 have 
stressed the importance of keeping the soft tissue 
pedicles attached to the cortices, especially the labial 
pedicle, in this type of procedure, which requires very 
gentle handling of the hard and soft tissues, to avoid 
necrosis. In addition, this procedure seems to have a 
better application to the upper anterior teeth. The tooth 
to be repositioned must be in a vertical position, with 
a necessary minimum space of 2 mm between its root 
and the adjacent teeth. Plaster models are suggested 
to establish the feasibility of the procedure and allow 
the surgeon to make an acrylic splint to stabilize the 
osteotomized segment.' 36 ' 

Dentoalveolar corticotomy and/or corticoectomy 

Historical background and clinical practice 
Corticotomy has its roots in orthopedics going back 
to the early 1900s. 1501 The first reports on surgical 
approaches to correct the poorly positioned teeth are 
assigned to L. C. Brian, in 1892, and G. Cunningham, 
in 1893. 1371 The former defined it as a linear cutting 
technique in the cortical plates surrounding the teeth, 
to produce mobilization of the teeth for immediate 
movement, 1301 and reported such cases at the Meeting 
of the American Dental Society of Europe, and the 
latter presented the possibility of immediate correction 
of irregular teeth during the Dental Conference in 
Chicago that year.' 371 

In 1931, Bichlmayr 19 ' reported the application of 
corticotomy for enhancing the retrusion of the 
upper jaw protrusive teeth in patients older than 
16 years of age, in order to accelerate the therapeutic 
process and reduce the likelihood of relapse, with 
accomplishment of teeth movement by using 
removable orthodontic appliances postoperatively. 
Bichlmayr 19 ' also reported the expansion provided by 
corticotomy applied to the buccal region of premolar 
and molar teeth in patients with bilaterally narrow 
maxilla, with substantial influence in the dental 
society, leading to the acceptance of corticotomy 
in German-speaking European countries as the 
'Bichlmayr method'. 

In 1959, Kole [101 introduced a surgical procedure 
that involved the reflection of full thickness flaps 
to expose the buccal and lingual alveolar bone, 
followed by interdental cuts through the cortical bone, 
barely penetrating the medullary bone (corticotomy 
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style). The subapical horizontal cuts connecting the 
interdental cuts were osteotomy style, penetrating 
the full thickness of the alveolus. He suggested that, 
as the blocks of bone were moved rather than the 
individual teeth, root resorption would not occur 
and retention time would be minimized. Even as 
this theory of en bloc movement to enhance tooth 
movement prevailed in several subsequent reports,' 501 
this treatment approach never gained widespread 
acceptance, probably due to its invasive nature as well 
as the association of horizontal subapical osteotomies, 
which posed considerable risks to the periodontium 
and tooth pulp vitality. [6 - 7 ' 221 

In 1975, Diiker 127 ' performed the first animal study 
replicating the technique described by Kole 1101 
on beagle dogs, to investigate how rapid tooth 
movement with corticotomy affects the vitality of 
the teeth and the marginal periodontium. The health 
of the periodontium was preserved by avoiding the 
marginal crest bone during the corticotomy cuts. In 
conclusion, neither the pulp nor the periodontium was 
damaged following orthodontic tooth movement after 
the corticotomy surgery, which helped to substantiate 
the belief regarding the health of the crestal bone in 
relation to the corticotomy cuts. All the subsequent 
techniques have taken into consideration that the 
interdental cuts must always be done at least 2 mm 
below the alveolar crestal bone level. 171 

A few years later, the supra-apical connecting 
osteotomy cuts used by Kole' 101 were replaced by 
cuts limited to the cortical portion of the alveolar 
bone. 1111 Hence, the first description of a surgical 
attempt to enhance orthodontic treatment using only 
corticotomies thereby reduces the risks inherent in 
the previous approach. Furthermore, the use of fixed 
orthodontic appliances increases the control and 
efficiency afforded by this therapeutic combination. 117 ' 511 

Suya 1171 reported corticotomy-assisted orthodontic 
treatment of 395 adult Japanese patients, in 1991. 
Suya's technique differed from Kole's with the 
substitution of subapical horizontal corticotomy cuts 
in place of the horizontal osteotomy cut beyond the 
apices of the teeth. Fixed orthodontic appliances were 
used with completion of the treatment in six to twelve 
months He believed that the tooth movements were 
made by moving blocks of bone using the crowns of 
the teeth as handles and for this, heavy forces had to 
be applied so as to move the bony blocs. He advised 
200 g/ cm 2 of anteroposterior force for completion of 
tooth movement in three to four months, after which 
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time the edges of the blocks of bone would begin to 
fuse together. 171 

The force magnitude for corticotomy-assisted 
tooth movement is still controversial. Nakanishi, 1391 
investigated the effects of various loads and of 
osteotomy and corticotomy on orthodontic tooth 
movement, on experimental dogs, and reported that 
a load of 800 g caused greater tooth movement than 
a load of 200 g. In contrast, in another experimental 
study Itoh et al. ll5] reported that orthodontic tooth 
movement was caused by a light force (160 g), as the 
main resistance was reduced and the remodeling of 
the surrounding bone was facilitated. 

Nevertheless, the use of alveolar corticotomies as an aid 
to orthodontic therapy remained limited until the last 
decade. 161 A more recent surgical orthodontic therapy 
was introduced by Wilcko et alj 11 - 52 - 54 - 5 ^ which included 
the innovative strategy of combining corticotomy 
surgery with alveolar grafting in a technique referred to 
as Accelerated Osteogenic Orthodontics (AOO) 152,54,551 
and more recently as Periodontally Accelerated 
Osteogenic Orthodontics (P AOO). 1111 This technique 
is advocated for comprehensive fixed orthodontic 
appliances in conjunction with movement of full 
thickness flaps and labial and lingual corticotomies 
around the teeth. The bone graft consisting of 
demineralized freeze-dried bone and bovine bone 
with clindamycin was applied directly over the 
bone cuts and the flap was sutured in place. Tooth 
movement was initiated two weeks after the surgery, 
and every two weeks thereafter, by activation of the 
orthodontic appliance. Wilcko et al} U525i5 ^ reported 
that this technique would reduce treatment time to 
one-third the time of conventional orthodontics,' 71 
which was attributed to a state of reduced 
mineralization (reversible osteopenia) of the alveolar 
bone surrounding the involved teeth during the 
orthodontic movement and not to the bony block 
movement, as claimed by Kole 1101 and Suya. 1171 Wilcko 1551 
explained the concept of reversible osteopenia in 
a study of five patients, using computed tomographic 
imaging. After corticotomy, demineralization occurs 
in the alveolar bone and the remaining collagenous 
matrix of the bone is transported with the tooth 
during its movement. The matrix then remineralizes 
following orthodontic movement. This introduced 
new concepts to the corticotomy-assisted orthodontic 
treatment (CAOT) field, including bone matrix 
transportation and osteopenia-facilitated rapid tooth 
movement. 1551 
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Additionally, Wang et al. l56] conducted a study on an 
animal model for corticotomy and osteotomy-assisted 
tooth movement in the rat and indicated that alveolar 
corticotomies and osteotomies produced different 
bone responses based on the results of computerized 
tomograms. Corticotomies and corticotomy-assisted 
tooth movement produced transient bone resorption 
around the dental roots similar to what Yaffe et al. l57] 
reported, as a regional acceleratory phenomenon. This 
temporary loss of supporting the alveolar bone around 
the dental roots was not observed with osteotomies or 
osteotomy-assisted tooth movement. Instead, a distal 
distraction site was formed with osteotomy-assisted 
tooth movement. A histological study to examine 
the underlying cellular responses to corticotomy 
and osteotomy-assisted tooth movements in rats by 
Wang et al. l5S] concluded that corticotomy-assisted 
tooth movement produced transient bone resorption 
around the dental roots under tension; this was 
replaced by fibrous tissue after 21 days and by bone 
after 60 days. Osteotomy-assisted tooth movement 
resembled distraction osteogenesis and did not 
pass through a stage of regional bone resorption. 
Mostafa et al. [59] conducted a study to identify the 
effect of the corticotomy-facilitated (CF) technique on 
orthodontic tooth movement and compared it with 
the standard technique, to explore the histological 
basis of the difference between the two techniques. 
They concluded that the CF technique doubled the 
rate of orthodontic tooth movement. Histologically, 
the more active and extensive bone remodeling in 
the CF group suggested that the acceleration of tooth 
movement associated with corticotomy was due to 
increased bone turnover and was based on a regional 
acceleratory phenomenon. 181 

Pros and cons of the technique 

Overall, the indications for the use of alveolar 
corticotomies (ACS) in orthodontics have been 
grouped into three main categories; (a) to accelerate 
corrective orthodontic treatment, as a whole, 
(b) to facilitate the implementation of mechanically 
challenging orthodontic movements, and (c) to 
enhance the correction of moderate-to-severe skeletal 
malocclusions. 161 

The advantages of the PAOO procedure that have been 
reported are: (a) The reduction of treatment time being 
half to one-third of the time taken by conventional 
orthodontics, (b) less root resorption, due to decreased 
resistance of the cortical bone, (c) more bone support 
due to the addition of bone graft, 111 ' 52 ' 54 551 (d) very low 
incidence of relapse, 15 ' 11 ' 52 ' 54 ' 55 ' 60,611 and (e) less need for 
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extra-oral appliances and headgear. 111 - 52 - 54 - 551 The PAOO 
technique has its roots in orthodontic research and 
practice, f 5 - 11 ' 27 ' 33 - 52 - 54 ' 55 ' 60 - 611 with good patient outcomes 
in the ten years since its first application. 111 ' 52 - 54 - 551 It has 
been confirmed to be useful in accelerating the rate of 
individual tooth or dental segment movement, that 
is, canine' 45 ' 53,601 and incisor retraction, 171 eruption of 
impacted teeth, slow orthodontic expansion, molar 
intrusion, open bite correction, and the control of 
anchorage. 1501 

Despite an increasing number of reports on the use 
of alveolar corticotomies as an aid to orthodontic 
treatment, few studies have reported the setbacks 
when employing this combined treatment. Recently, 
however, Wilcko et al. l62] gave an objective account of the 
scenarios where the use of ACS-orthodontics should 
be avoided. These included, (a) patients showing any 
sign of active periodontal disease, (b) individuals 
with inadequately treated endodontic problems, (c) 
patients having a prolonged use of corticosteroids, (d) 
persons who are taking any medications that slow 
down bone metabolism, such as bisphosphonates and 
nonsteroidal anti-inflammatory drugs (NSAIDs). 161 

Patients with active periodontal disease or gingival 
recession are not good candidates for CAOT, which 
also must not be considered as an alternative for 
surgically-assisted palatal expansion in the treatment 
of severe posterior cross-bite and must not be used in 
cases where bimaxillary protrusion is accompanied 
with a gummy smile, which might benefit more from 
segmental osteotomy. 1631 

Although CAOT may be considered a less-invasive 
procedure than osteotomy-assisted orthodontics, there 
have still been several reports regarding the adverse 
effects to the periodontium after corticotomy, ranging 
from no problems 127 - 64 - 651 to slight interdental bone 
loss and loss of attached gingiva, 1661 to periodontal 
defects observed in some cases, with short interdental 
distance. 1671 Subcutaneous hematomas of the face 
and the neck have been reported after intensive 
corticotomies, while postoperative swelling and pain 
is expected for several days. However, no effect on 
the vitality of the pulp in the teeth, in the area of the 
corticotomy, has been reported. 168 - 691 Pulp vitality 
deserves additional investigation, as long-term 
research on pulpal vitality after rapid movement has 
not been evaluated in the literature. 1501 

Although many authors defined that corticotomy 
can prevent root resorption and no resorption 
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was observed, 15 - 10 - 531 considerable amount of apical 
resorption was reported by Gantes et al., ll6] which 
indicated it to be likely in the classical orthodontic 
tooth movement also. Hence, knowing that the 
reduced treatment duration of CAOT may reduce the 
risk of root resorption, the long-term effect of CAOT 
on root resorption requires further study. 1501 

Dental distraction 

Historical background and clinical practice 
Mechanical stretching of the reparative bone tissue 
by a distraction device, through an osteotomy or 
corticotomy site, is the most common technique in 
distraction osteogenesis. 170 721 With this technique, 
new bone is generated in the gap of the osteotomy 
or corticotomy at the approximate rate of 1 mm per 
day. Another well-known modality of distraction 
osteogenesis is through a suture, such as in rapid 
palatal expansion, 1731 in which the hard palate is 
distracted transversely through the midpalatal 
suture 1 mm per day. Liou and Huang 1131 applied 
the distraction osteogenesis concept to the 
orthodontic tooth movement, which was called 
'dental distraction'. They stated that the periodontal 
ligament was a suture between the alveolar bone 
and tooth and the process of osteogenesis in the 
periodontal ligament during orthodontic tooth 
movement was similar to that in the midpalatal suture 
during rapid palatal expansion. In their previous 
study, Liou et aZ. 1751 created edentulous spaces using 
an intraoral distraction device in the mandible of 
mature Beagle dogs between the third and fourth 
premolars and tried to move the fourth premolars 
into the edentulous space. They observed that the 
best time to initiate orthodontic tooth movement was 
when the edentulous space was fibrous and bone 
formation had just begun. 

In 1998, Liou and Huang 1131 demonstrated the 
rapid distalization of canine teeth in humans using 
distraction of the periodontal ligament. The surgery 
was performed to the first premolar's extraction 
socket. At the time of the first premolar extraction the 
interseptal bone distal to the canine was undermined 
with a bur, grooving vertically inside the extraction 
socket along the buccal and lingual sides and 
extending obliquely toward the socket base. Then 
a tooth-borne, custom-made, intraoral distraction 
device was placed to distract the canine distally. It 
was activated 0.5 to 1.0 mm/ day immediately after 
the extraction. They achieved an average of 6.5 mm 
distraction of the canines within three weeks. The 
radiographic examination revealed that apical or 
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lateral surface root resorption of the canine was 
minimal; due to the fact that the distraction was 
nearly completed by the time the external root 
resorption was just being initiated. No periodontal 
defect or endodontic lesion was observed throughout 
and after distraction. 

Similarly, Sayrn et al. [7i] used the dental distraction 
method on 43 canines in 18 patients. By using 
semi-rigid, individual tooth-borne distractors, which 
were activated to 0.25 mm, three times a day during 
three weeks; they achieved 5.76 mm and 3.5 mm 
canine distalization in the maxilla and mandible, 
respectively, with minimal anchorage loss. Fractures 
were observed in the interseptal bone adjacent to the 
apex of the canine in some of the periapical radiographs, 
indicating a considerable resistance to the applied 
force. It was considered that this might increase the 
potential tipping movement and the extrusive effect 
of the mechanism by causing the canine's center of 
resistance to move closer to the apex. They concluded 
that reducing the entire thickness of the interseptal 
bone between the canine and first premolar would be 
more useful in minimizing the undesired tipping and 
extrusion movements of the canine teeth. 

Pros and cons of the technique 

Even as this new concept and technique is best used 
in cases where anterior teeth are severely crowded 
or protruded, the clinical techniques and procedures 
in canine distraction still need to be refined. The 
long-term effects on root resorption, the subsequent 
development of a developing root, pulp vitality, 
periodontal tissues, and possible root ankylosis of the 
canine must be closely monitored. 113 ' 

In addition to orthodontic tooth movement, this 
new concept and technique may possibly be used to 
generate new bone and keratinized gingival tissue for 
treating periodontal disease.' 201 

CONCLUSION 

Dentoalveolar surgical intervention in orthodontic 
treatment of adult patients is a promising technique, 
with many applications. The advantages of the 
pre-mentioned technique are as follows: (a) Less 
treatment time, (b) avoidance of potential periodontal 
complications, (c) favorable direction of growth, 
and (d) extensive envelope of the tooth movement.' 18 741 
In this regard, different supportive surgical methods 
have been reported for the movement of an individual 
tooth or groups of teeth in the literature, with respect 
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to the severity of malocclusion and the type and 
direction of the desired movement.' 6 1518 741 

Shortening the length of the treatment period,' 21 - 26 - 411 
improving the orthodontic treatment in 
post-adolescent and adult patients, 11015 ' 1618 ' 21 ' 26 ' 33 - 37 ' 411 
maxillary dentoalveolar protrusion, 1371 retraction of 
protrusive incisives,' 331 retraction of canine 110 ' 13 - 45 - 53 - 741 
polidiestamas,' 41 ' 46 - 57 ' 61 ' 62 ' 64 ' 21 ' 26 ' 37 ' 41 - 42 - 441 optimal 
repositioning of the ankylosed teeth,' 37 ' 49 ' 54 ' 5717 ' 29 ' 34371 
intrusion of the molars, incisives, [41 ' 53 ' 57 ' 64 ' 21 ' 33 ' 37 - 441 
maxillar expansion, I 31 - 38 - 43 ! and the reduction of the 
relapse,' 18 - 331 were reported among the indications for 
surgery-assisted orthodontic treatment. 

Surgery-directed injuries in the bone via fractures, 
osteotomies or corticotomies cause a change in the 
metabolism leading to the regional accelerating 
phenomenon (RAP), including increase in osteoclasts, 
osteoblasts, mediators, and cell precursors of the 
blood and lymph vessels in the injured area, which 
positively promote the speed of orthodontic movement 
caused by transient osteopenia, as maintained by the 
permanent orthodontic forces. 129,111 

Accordingly, there is a growing interest in the use of 
dentoalveolar surgery as an adjunct to orthodontic 
treatment due to a comprehensive understanding 
of its effects and more solid evidence-based 
research, revealing a possibility of enhancing 
certain orthodontic movements via the impact of 
the biological stimulus generated by surgery in the 
dentoalveolar bone. 161 

Although the effects and mechanisms of dentoalveolar 
surgery techniques have been confirmed by 
recent well-designed histological studies, further 
randomized testing in humans is still necessary to 
confirm the claimed advantages of these techniques 
and to evaluate the long-term effects. 1501 Moreover, 
because the use of dentoalveolar surgery as an aid 
to orthodontic treatment remains limited until the 
present time, due possibly to their invasive nature, 
further research for less invasive procedures must 
be encouraged.' 61 
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